Abstract: Preimplantation development is critical for successful implantation and pregnancy. In the mouse preimplantation embryo, the first event of morphological and cellular differentiation is established during polarization and compaction at the 8-cell stage. The considerable cell surface and cytoplasmic changes and formation of different populations of cells at the 8-cell stage are fundamentally important for the development of all organisms. To determine genes that are specifically expressed at this crucial stage of embryo development and also to shed light on the different mechanisms that could be of importance during embryo development, we investigated mouse 8-cell and 4-cell embryo stage-specific genes using Digital Differential Display (DDD). The 8-cell stage-specific genes were sorted according to their ontology data from the Database for Annotation, Visualization and Integrated Discovery (DAVID), which outlines possible roles for the genes expressed at the 8-cell stage. This study highlights how online tools can be used to identify genes involved in embryo development. Identification of the 8-cell embryo stage-specific genes would open new opportunities for understanding molecular networks during the mid-preimplantation gene activation. Using bioinformatic tools, such as Digital Differential Display and DAVID, it will be possible to identify genes expressed at the 8-cell stage that are likely to be involved in mammalian preimplantation embryo development. Our results may provide a new foundation for molecular control at the onset of embryonic development in mammals, and should be of interest to the scientific community. Key words: mouse embryos, differential expressed genes, Digital Differential Display The preimplantation development of the mammalian embryo undergoes three important transitions: maternal transcript degradation, zygotic genome activation, and compaction and blastocyst formation. These transitions are likely to be associated with pronounced changes in embryonic gene expression [1, 7, 10, 16, 38] . Moreover, both maternal and embryonic gene expressions occur in a stage-or time-specific manner [10, 16, 22] . Although the outline of the compaction and blastocyst formation at a macro level has become clear for several organisms, little is known about the molecular mechanisms regulating the early cell division stages following these events. To identify stage-specific genes expressions is important for understanding the molecular basis of transcriptional control of compaction and polarization, and for improving our knowledge of basic reproductive biology, for the development of practical medical applications including identification of predictors of embryo quality in assisted reproduction following embryo manipulation.
The preimplantation development of the mammalian embryo undergoes three important transitions: maternal transcript degradation, zygotic genome activation, and compaction and blastocyst formation. These transitions are likely to be associated with pronounced changes in embryonic gene expression [1, 7, 10, 16, 38] . Moreover, both maternal and embryonic gene expressions occur in a stage-or time-specific manner [10, 16, 22] . Although the outline of the compaction and blastocyst formation at a macro level has become clear for several organisms, little is known about the molecular mechanisms regulating the early cell division stages following these events. To identify stage-specific genes expressions is important for understanding the molecular basis of transcriptional control of compaction and polarization, and for improving our knowledge of basic reproductive biology, for the development of practical medical applications including identification of predictors of embryo quality in assisted reproduction following embryo manipulation.
In the mouse, a major gene activation event, named -Note-mid-preimplantation gene activation, accompanies the first event of morphogenic and cellular differentiation when blastomeres polarize during compaction [7, 14, 18, 31] . Compaction occurs at the 8-cell stage, in which loosely associated cells adhere to generate the tightly organized cell mass of the morula, resulting in the formation of a polarized epithelium [19, 22, 42] . The formation of outer trophectoderm (TE) and inner cell mass (ICM) as an unique mode of cell lineage specification in mouse embryo development is initiated at the 8-cell stage. Since the two cell lineages are divergent in morphological and biochemical aspects, it is reasonable to hypothesise that differentiation-related genes are expressed at the 8-cell stage. By the 8-cell stage, the transcriptional repression mechanism is fully operational, and most maternal mRNAs are degraded [10, 38] . This suggests that the dynamic gene expression changes that occur between the morphologically similar 4-cell and 8-cell stages result in overt morphological changes in the subsequent stages [10] . To know clearly the molecular mechanisms of this particular event, new stagespecific candidate genes or proteins have been identified in mouse 8-cell embryos. Some phosphoproteins are only found at the mouse 8-cell embryo stage and not at other stages, suggesting a link between compaction and post-translational mechanisms [2] . The U2af binding protein-related sequence (U2afbprs) is transiently expressed only at the 8-cell stage [17] . The epithin gene expressed in mouse 8-cell blastomeres and stages of later embryonic development has been identified, and RNA interference (RNAi) studies have revealed that epithin may play an important role in eliciting the signal for differentiation into trophectoderm and inner cell mass [15] . The Crg1 gene cloned from 8-cell embryos of the C57BL/6 mouse is expressed in a series of mouse embryos (2-cell, 4-cell, 8-cell embryos, compacted embryos and blastocysts), and may be related to compaction in compacted embryos and the maintenance of cell pluripotentiality [20] . Identification of new stage-specific genes associated with 8-cell embryos is a first step toward shedding light on some mechanisms that control compaction and blastocyst formation, since genes expressed at the 8-cell stage are functional candidates for the regulation processes that occur at the onset of differentiation. Earlier studies have explored genome-wide expression and regulation in preimplantation mouse embryos using several techniques, including PCR-based differential display [41] , subtractive cDNA library construction, suppression subtractive hybridization (SSH) [38] and microarray technology [33] . Although these studies have provided important clues for our understanding of genetic regulation of preimplantation embryos, the methods they employed to identify genes are labor intensive and suffer from high rates of false positives. It has been difficult to study the process of early mammalian embryo development due to a scarcity of study materials, whereas data-mining provides us with a new approach to study expression levels of stage-specific genes during early mammalian embryo development.
To identify genes specifically expressed in preimplantation embryos, expressed sequence tag (EST) projects have been conducted, and a large number of ESTs have provided a way to identify embryo stage-specific genes [16, 23, 35] . With continuing improvement of the mouse genome sequencing efforts, the Unigene database of the National Center for Biotechnology Information provides a combination of gene sequences and computational bioinformatics to facilitate the prediction of gene expression and the function of each cluster [34] . As a clustering system, UniGene [3, 32, 37] .
The protocol of the present study was designed to compare genes expressed at the 8-cell stage with those expressed at the 4-cell stage of the mouse embryo by a new strategy. The characteristics of these genes and their possible correlations with compaction and blastocyst formation of mouse embryo are discussed. We chose to compare a pool of 7,918 ESTs (pool A) present in NIA Mouse eight-cell-Embryo cDNA library with 8,768 ESTs of NIA Mouse four-cell-Embryo cDNA library (pool B). The library data of the 4-cell library and 8-cell library that we used were generated under similar conditions. fold differences were calculated by using the ratio of pool A to pool B. The result showed that 69 genes are expressed more than 10-fold higher at the 8-cell stage compared to the 4-cell stage. Among these genes, 45 genes (Table 1) are present only at the 8-cell stage, 24 genes (Table 1) of the 8-cell stage pool had higher scores than genes of the 4-cell pool that were highly expressed at the 8-cell stage. Chromosomal locations of mouse 8-cell embryo-specific genes are shown in Table 2 .
The DDD output can be used to interpret by a large amount of unexplored information recorded about genes at UniGene, and can be further analyzed using DAVID (the database for annotation, visualization and integrated discovery). DAVID (http://david.niaid.nih.gov/david/ version2/index.htm) bioinformatics resource was released in 2003, and extracts biological features associated with gene lists. Currently, many important bioinformatics systems or software tools including Ensembl, LocusLink, Swiss-Prot and GeneCards can offer coverage and depth of the functional data available for the gene, but are not designed to effectively aggregate the biological information for hundreds or thousands of genes in parallel. To facilitate functional analysis of large lists of genes, DA-VID was developed. The current version of DAVID not only keeps a gene-Go term enrichment analysis algorithm, but increases over 40 annotation categories with extended annotation content coverage. The improved tools provide users with much more information on genes from many different biological aspects. The Gene functional Classification tool as a completely new component of DAVID can functionally analyze a large number of genes, and annotation terms and co-occurrence of the genes are used to classify them into gene groups. Similarly, redundant and heterogeneous annotation contents from the same or different resources can be grouped into annotation groups by the DAVID functional Annotation Clustering tool, which reduces the burden of associating similar redundant terms. The tool allows USERs to focus on an annotation group level and examine the internal relationships between the clustered terms [4, 12, 27] . Therefore, DAVID is a valuable tool which will help us to identify homologous or new genes that are expressed at the mouse 8-cell stage, furthering investigation into the molecular mechanisms regulating embryo development. our gene list was submitted to DAVID, then analyzed by the Gene Functional Classification tool, Gene Ontological Analysis tool, the Tissue Expression tool and the functional Annotation Clustering tool of DAVID, classifying the gene lists into functionally related gene groups, summarizing the major biology of the discovered gene groups and visualizing the genes and their functional annotations in a group with Heat Map [6] . As stated above, of the 69 mouse 8-cell embryo-specific genes, 62 were known, including 53 assigned genes and 9 only named genes. Table 2 ). The functional annotation of the 69 mouse 8-cell stage-specific genes showed 53 genes had DAVID ID, and they were divided into 3 functional annotation categories: CoG_ oNToLoGY annotation category contained 16% (involved genes/ total genes), SP_PIR_KEYWoRDS annotation category contained 83%, and UP_SEQ_fEATURE annotation category contained 54% ( Table 2 ). The functional annotation report showed 10 enriched functional categories term associated with the genes. All results in the report passed the thresholds (by default, Max.Prob. ≤0.1 and Min.Count ≥2) to ensure only statistically significant genes were displayed. The result of tissue expression analysis showed 10 genes in the whole body, 13 genes in the liver, 5 genes in the corpora quadrigemina, 6 genes in the hippocampus, 7 genes in the mammary tumor, 12 genes in the thymus, 7 genes in the eye, 5 genes in the egg, 4 genes in vitro fertilized eggs, and 20 genes in the brain ( Table 2 ). The output of functional annotation clustering showed the 53 genes described above were sorted in 16 clusters. Cluster 1 had the highest enrichment score (3.1) and contained 18 genes (Fig. 1) . Cluster 2 with an enrichment score of 2.52 contained 35 genes (Fig.  2) . Cluster 3 with an enrichment score of 1.84 contained 8 genes, Cluster 4 with an enrichment score of 1.7 contained 37 genes, Cluster 5 with an enrichment score of 1.63 contained 13 genes, Cluster 6 with an enrichment score of 1.24 contained 21 genes, Cluster 7 with an enrichment score of 1.23 contained 9 genes, and there were 9 other Clusters with enrichment scores <1 (data not shown). The overall enrichment score for the group is based on the EASE scores of each term member, the higher, the more enriched, and we have presented only the most significantly different clusters here (Figs. 1 and 2) . The result suggests that the genes of each cluster with high enrichment scores have similar biological meaning at the 8-cell stage because they share similar gene members, and also that these co-expressing genes play their biological roles in their respective signal pathways.
In recent studies, a meta-analysis of gene expression Fig. 1 . Gene-Annotation term 2D heat map of cluster 1. 2D heat map allows users to examine the common and difference of annotations across group gene members. The grey area of the heat map (top) shows highly common annotation. The grey and black areas (bottom) show differences of annotation. Nuclear part: any constituent part of the nucleus, a membrane-bounded organelle of eukaryotic cells in which chromosomes are housed and replicated. Protein complex: any macromolecular complex composed of two or more polypeptide subunits, which may or may not be identical. Protein complexes may have other associated non-protein prosthetic groups, such as nucleotides, metal ions or carbohydrate groups. Macromolecular complex: a stable assembly of two or more macromolecules, i.e., proteins, nucleic acids, carbohydrates or lipids, in which the constituent parts function together. Intracellular organelle part: a constituent part of an intracellular organelle, an organized structure of distinctive morphology and function, occurring within the cell. organelle part: any constituent part of an organelle, an organized structure of distinctive morphology and function. Includes constituent parts of the nucleus, mitochondria, plastids, vacuoles, vesicles, ribosomes, and the cytoskeleton, but excludes the plasma membrane.
using methods based on UniGene clustering identified 11,483 genes that are expressed in preimplantation embryo development. UniGene libraries at each stage of mouse preimplantation embryo development were compared with one another to show differences in gene expression between reconstructed cDNA databases based on Fisher's exact test [28] [29] [30] . In the present study, twenty-six 8-cell stage-specific expressing genes showed statistically significant differences from 4-cell stage genes, and only 3 genes (60s ribosomal protein, heat shock protein 1, translational initiation factor 2 subunit) are expressed at both the 4-and 8-cell stages (M.m.218350, [39] . The novel mouse Def8 gene is differentially expressed in primary haemopoietic tissues, and it might participate in an intracellular signaling cascade with zinc ion binding [11] . The coordinated expression of eIF-5 (M.m.271222) and eIF-1A, -2a, -4A, -4E may function during the transition from oogenetic to embryonic control of development, since mRNA for eIF-1A was detected at the 8-cell stage of bovine embryos [5] . The d1401 gene, a derivative of oxoglutarate dehydrogenase (M.m.276348) which was identified by fluorescent differential display has been found to be widely distributed in various mouse tissues, and high mRNA levels for it were found in the olfactory bulb, hippocampus, cerebellum, and pons [26] . Dab2 (M.m.240830), a surface positioning gene, can regulate trafficking and polarized distribution of cell surface proteins, giving primitive endoderm cells the ability to position on the surface, resulting in morphogenesis of mouse embryos [36] . Hippocampus Abundant Gene Transcript 1 (M.m.280077) is a novel sugar transporter gene, its transcript has been detected in adult and embryonic brains, as well as in other tissues using northern hybridization analyses [21] . Ocrl1 (M.m.210343) and Inositol polyphosphate 5-phosphatase (Inpp5b) may have similar functions in mice. Mice deficient in Inpp5b have a very mild phenotype of male infertility and disrupted sperm function [13] . Ddx20 (M.m.272826), as an Egr2-interacting protein, represses early growth response (Egr) 2-mediated transcriptional activation which is essential for early embryonic development and ovarian morphology [9] . Flnb (M.m.28095), a gene encoding a cytoplasmic actin-binding protein is important for embryonic development, and impaired development of the microvasculature and skeletal system was observed in mouse Flnb-deficient embryos [40] . The Nsd1 (M.m.168965) belongs to an emerging family of proteins, Nsd1is a developmental regulatory protein that is essential for early post-implantation development [24] . Gna13 (M.m.193925) plays an important role in embryonic vascular development as a candidate mediator of protease-activated receptor-1 (PAR1) signaling [25] . Architectural chromatin protein HMGA2 (M.m.157190) is highly expressed in male meiotic cells. Its expression is confined to the testis and a few other tissues in the adult, and it may play a critical role in male fertility [8] . However, the possible relationships of these genes with the developing zygote at the 8-cell embryo stage are little known. The DAVID analysis of these genes provided information on functional properties, and extended our knowledge of the molecular events during the 8-cell stage of early embryo development.
Bioinformatic tools, such as Digital Differential Display and DAVID, provide information on candidates or potential genes and expression levels or putative functions of those genes. These tools give access to interesting information that can orient an experiment and help to build hypotheses. The data of 8-cell embryo stagespecific genes should become the starting point for a better understanding of compaction and blastocyst formation. Identification of pathways at the 8-cell stage should follow, but bioinformatic analysis is just one step of the work and shouldn't be considered as giving all the answers. further studies are needed to pursue the information from the data generated to elucidate real differences in expressions by using real-time PCR. The genes expressed at the 8-cell stage are potentially valuable tools in the study of the developing zygote at the 8-cell embryo stage, and should be of interest to the scientific community.
